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[57] ABSTRACT

There is described a method for the manufacture of
fodder and/or soil improving agents by anaerobic or
aerobic fermentation of environmentally disturbing
aquatic plants, specifically water hyacinth (Eichhornia
crassipes), which, if desired, have been comminuted.
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METHOD FOR THE MANUFACTURE OF
FODDER AND/OR SOIL IMPROVING AGENTS
FROM WASTE MATERIAL

This application is a divisional application under
§1.60 of U.S. Ser. No. 07/571,250 (now U.S. Pat. No.
5,198,252), which is a continuation-in-part under 35
USC §120 and §365 of PCT application number
PCT/EP89/01600, filed Dec. 21, 1989.

BACKGROUND OF THE INVENTION

The subject-matter of the invention is a method for
manufacturing or obtaining fodder and/or soil improv-
ing agents from waste materials, for instance from enwi-
ronmentally disturbing aquatic plants and aquatic
weeds respectively, particularly floating freshwater
plants, such as specifically the water hyacinth (Eich-
hornia crassipes).

It has been known for a long time that aquatic weeds,
such as the water hyacinth, propagate, specifically
" under tropical conditions, at a very fast rate, rapidly and
thickly covering a large part of the water surface,
which disturbs shipping, chokes up irrigation plants and
affects the living conditions for fish and birds. An exam-
ple hereof are the problems occurring in Egypt, where
in Lake Nasser south of the Aswan Dam and in the
irrigation and drainage systems, favourable conditions

2

fodder and/or a soil improving agent. Thus, it is possi-

ble to utilize the heretofore unused protein content of

these environmentally disturbing aquatic plants in a
manner which is advantageous in the economic point of
view. For instance, the particularly high protein con-

" tent of the water hyacinth can be utilized in spite of the
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are created for the propagation of aquatic weeds. The

propagation of these aquatic weeds is aggravated by the
eutrophication of the waters caused by the intensive
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agriculture using high quantities of fertilizers, so that

these aquatic weeds constitute an acute problem. For
instance, they do not only impede the water flow
through the canals, but also cause, as a result of evapo-
transpiration, the loss of high quantities of water, so that
it is common practice to remove these materials me-
chanically or destroy them by means of herbicides
which considerably impair the environment.

On the other hand, specifically in those areas where
such aquatic weeds are able to propagate particularly
intensively, as in the developing countries, or also in
Egypt, there is a considerable need for animal protein
which could be satisfied by improving the fodder.

From GB-PS 2 041 403, the preparation of fodder by
the biological transformation of waste material of agri-
culture by means of anaerobic and aerobic fermentation
methods is already known. According to this process,
the cellulose of comminuted straw and corn stems 1s
decomposed with the help of a cellulase enzyme re-
leased by Trichoderma viridae and the so formed glu-
cose is converted into lactic acid. |

On the other hand, it is known that the water hya-
cinth is not useful as a fodder on account of its high
mineral content, and that it can be used, at best, for the
production of bio-gas (Easley and Shirley (Hyacinth
Control Journal 12 (1974), 82-85).

SUMMARY OF THE INVENTION

The object of the present invention is the economic
utilization of actually disturbing aquatic plants, in order
to thereby prevent the hitherto accepted environmental
pollution and to obtain valuable products, specifically

fodder and/or soil improving agents.

It has now been found that it is possible to convert

also such environmentally disturbing aquatic plants as,
in particular, the water hyacinth, by anaerobic or aero-
bic fermentation into a product which can be used as a
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high mineral content of this plant. Whilst the plants
which are usually grown on the soil, such as Sudan
grass or lucerne, yield protein contents of only 0.5 tons
and 4 tons per hectare respectively, the water hyacinth

in corresponding areas provides annually about 30 tons

of protein per hectare. In this connection, the protein of |
the water hyacinth is characterized further by a particu-

larly high content of essential amino acids, such as spe-

cifically lysine. .

Therefore, the subject-matter of the invention is the
method for the manufacture of fodder and/or soil 1m-
proving agents. |

DETAILED DESCRIPTION OF THE
INVENTION

The method according to the invention, basically,
resides in that the environmentally disturbing aquatic
plants are obtained, i.e. harvested, if desired commi-
nuted and the plant pieces which, if desired, have been
pressed are mixed with about 20 to about 70 percent by
weight of organic waste material of the food industry
and/or agriculture having a dry substance content of at
least 20 percent by weight and inoculating agents and
additives for the biological degradation respectively
known per se, and anaerobically or aerobically fer-
mented for about 2 to about 45 days, preferably for -
about 10 to about 30 days, by methods known per se.
Thereby, the anaerobically fermented material provides
a fodder, whilst by aerobic fermentation a soil improv-
ing agent is obtained.

In the method according to the invention, as environ-
mentally disturbing aquatic plants, water nymph (NVaias
armata), duck weed (Lemna gibba), pond weed (Pota-
mogeton spp.), rootless hornwort plants (Ceratophyllum
demersum), cattail (Typha domingensis), common reed
(Phragmites australis), cyperacious plants and tamarisk
plants as well as specifically water hyacinths (Eich-
hornia crassipes) can be used. In the method according
to the invention, it is also possible to use mixtures of one
or more of these plant species.

According to a preferred embodiment of the method
according to the invention for the manufacture of fod-
der, the comminuted pieces of leaves and stems of the
aquatic plants which, if desired, have been pressed, are
mixed with 20 to 70 percent by weight, more preferably
40 to 60 percent by weight, of the organic waste mate-
rial of the food industry and/or agriculture having a dry
substance content of at least 20 percent by weight and
inoculating agents and additives for the biological deg-
radation respectively known per se and anaerobically
fermented for 2 to 45 days, preferably 10 to 30 days, and
even more preferably 10 to 20 days.

As organic waste material of the food industry and-
/or agriculture, cellulose, hemicellulose and/or lignine-
containing organic waste materials, specifically rice
straw, milled cotton seed shells, extracted sugar cane
and/or corn stems can be used. As inoculating agents
and additives for the biological degradation respec-
tively, preferably at least one pectin-cleaving enzyme
known per se, such as pectinase, and/or thermophilic
lactic acid bacteria cultures known per se having an
activity of about 106 to about 100 cells per gram dry
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substance and molasses, urea and/or organic carboxylic
acids having 1 to 5 carbon atoms respectively, are used.

As thermophilic lactic acid bacteria, Lactobacillus
mallei, Lactobacillus delbruckii and Lactobacillus plan-
tarum (ATCC 14917) are preferred.

As organic carboxylic acids having 1 to 5 carbon
atoms, advantageously formic acid, acetic acid, propi-
onic acid and/or acrylic acid, preferably as a about 10
to about 50% by weight agueous solution, is used.

Further, it 1s preferred to add to the mixture a starter
culture known per se having a high cellulose activity,
specifically Trichoderma viridae, Chaetonium globosum
and/or Actinomycetes. |

All of the microorganisms employed in the method
according to the invention are well-known and can be
obtained, for instance, from the known depositories,
such as American Type Culture Collection (ATCC),
etc.

This mixture is then anaerobically fermented for 2 to
45 days, preferably 10 to 30 days, preferably 10 to 20
days, at a temperature of 20° to 35° C. The product so
obtained can be used as a fodder.

A particularly preferred embodiment of this method
according to the mvention for the manufacture of fod-
der resides in that comminuted leaves and/or stems of
the aquatic plants which, if desired, have been pressed,
are mixed with 40 to 60 percent by weight of chopped
rice straw, milled cotton seed shells having a particle
size =1 mm and/or extracted chopped sugar cane hav-
ing a dry substance content of at least 20 percent by
weight, 0.5 to 4.0 percent by weight, preferably 1 to 3
percent by weight, and particularly 2 percent by
weight, of molasses as a 209% by weight aqueous solu-
tion and/or urea, 0.5 to 2.0 percent by weight, particu-
larly 0.1 percent by weight, of a pectin-cleaving en-
zyme, preferably pectinase, 0.2 to 1.0 percent by
weight, particularly 0.5 percent by weight, of the ther-
mophilic lactic acid bacteria cultures, 0.2 to 2.0 percent
by weight, particularly 0.3 to 0.5 percent by weight, of
the starter culture having a high cellulase activity, and
0.1 to 0.5 percent by weight, particularly 0.2 percent by
weight, of the organic carboxylic acid having 1 to 5
carbon atoms, each with respect to the weight of the
water hyacinth plants, and anaerobically fermented
under the exclusion of air for 2 to 45 days, preferably 10
to 30 days, at a temperature of 20° to 35° C.

A preferred embodiment of the method according to
the invention for the manufacture of a soil improving
agent resides in that the parts of the aquatic plants
which are not useful for the manufacture of fodder,
specifically the roots of these plants, and which, if de-
sired, have been comminuted, and if desired, have been
pressed. are mixed with 20 to 70 percent by weight,
preferably 40 to 60 percent by weight, of organic waste
material of the food industry and/or agriculture having
a dry substance content of at least 20 percent by weight,
are brought with waste material containing nitrogen
and/or nitrogen-containing natural and/or synthetic
fertilizer to a carbon/nitrogen ratio of 10/20 to 1/80
and the mixture i1s aerobically fermented for 2 to 45
days, preferably 10 to 30 days. In this manner, a product
i1s obtained which can be utilized excellently as a soil
improving agent.

In this embodiment of the invention, too, as organic
waste material of the food industry and/or agriculture,
cellulose, hemicellulose and/or lignine-containing or-
ganic waste materials, specifically rice straw, cotton
seed shells, extracted sugar cane and/or corn stems are
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used. In the case of this procedure, 1t 1s possible further-
more to add to the mixture a starter culture known per
se having a high cellulose activity, specifically Tri-
choderma viridae, Chaetonium globosum and/or Actino-
mycetes.

A particularly preferred embodiment of this proce-
dure resides in that the aquatic plants which, if desired,
have been comminuted, and if desired, have been
pressed and/or the parts of the aquatic plants which are
not useful for the manufacture of fodder, specifically
the roots, and which, if desired, have been comminuted,
and if desired, have been pressed, are mixed with 20 to
40 percent by weight of chopped rice straw, 5 to 30
percent by weight of straw-containing animal manure,
and if destred, 0.2 to 2.0 percent by weight, more prefer-
ably 0.3 to 0.5 percent by weight, of the starter culture
having a high cellulase activity, each with respect to the
weight of the water hyacinth plants, and the mixture is

‘aerobically composted under occasional mixing for 2 to

45 days, preferably 10 to 50 days, whereby an internal
temperature inside the mixture of 40° to 60° C. is
reached.

The method according to the invention makes possi-

ble

a) the manufacture of valuable fodder maternials and
soil improving agents from waste materials, specifi-
cally from a plant material which heretofore had to
be destroyed only laboriously and with the use of
herbicides;

b) a simple, cost-saving and environmentally benefi-
cial way of utilizing the actually undesired water
hyacinth as fodder and/or a soil improving agent;

¢) an improvement of the living conditions of the
persons living in the tropics because the particu-
larly high protein content of the biomass of the
water hyacinth can be utilized; and

d) the preparation of a soil improving agent, particu-
larly a decayed compost which can be used as an
effective means against the increasing degeneration
into desert.

The following examples serve to further illustrate the

invention.

EXAMPLE 1

1000 kg leaves of water hyacinths are comminuted
Into pieces having a size of 4 to 6 cm and pressed by
means of a screw spindle/pressing device. Thus, 850 kg
of pressed material are obtained which 1s spread on a
polyethylene sheet. To this mass are added 100 kg of
molasses as a 20% aqueous solution having a sugar
content of 50 percent by weight, 100 kg of chopped rice
straw, 50 kg of extracted chopped sugar cane, 1 kg of a
pectincleaving enzyme (pectinase) and 1 kg of Lactoba-
cillus mallei and Lactobacillus delbruckii bacteria cul-
tures having an activity of 102 to 1010 cells per gram dry

- substance which are added in the form of a suspension
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in 10 liters of water. The materials are mixed on the
polyethylene sheet and sprayed with 2 liters of a 20%
aqueous formic acid. After mixing, the material is
packed vacuum-tight in the sheet. After a few days, the
pH value of the so formed silage is 4.2. After taking the
material out of the sheet after 10 days, one obtains a
product which has a pleasant smell of lactic acid. With
this material five cows can be fed for two weeks with,
in each case, 3 X7 kg of fodder per day. Thereby, the
amount of milk produced by the cows increases by 9 to
109% . Concurrently, an increase in the milk fat content
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from 3% to 4.9% and of the protein content from 2.97%
to 3.65% results. |

EXAMPLE 2
500 kg of water hyacinth plants and 500 kg of scraps

of water hyacinth roots are mixed with 200 kg of

chopped rice straw and 100 kg of straw-contaimng
animal manure. The mixture is spread on the soil in the
form of prismatic heaps. The material is mixed weekly,
whereby the internal temperature in the course of the
aerobic fermentation rises to 40° to 60° C. After 30 days
a dark-brown-coloured compost of good water-absorp-
tive capacity which smells of earth is obtained, which
proves excellently useful for soil improvement.

" EXAMPLE 3

850 kg of the pressed water hyacinth material ob-
tained according to example 1 are mixed on the polyeth-
ylene sheet with 150 kg of milled cotton seed shells
" having a particle size smaller than 1 mm. To the so
formed base material having a moisture content of 30
percent by weight are then added 20 kg of molasses, 5
kg of urea in the form of a suspension in 25 1 of water
and 1 kg of Lactobacillus plantarum cultures (ATCC
14917) having an activity of 108 to 1010 cells per gram
dry substance. The material mixed on the sheet is

sprayed with 3 liters of a 20% aqueous propionic acid -

solution, whereupon the material is pressed and vacu-
um-packed in the sheet. After a short time the pH value
of the anaerobically fermenting material reaches the
level 4.2. After 30 days, a product having a pleasant
smell of lactic acid is obtained, which can be fed, with
good results, to cows. Thereby, both the quantity and
the quality of the milk produced can be significantly
improved.

What is claimed is:

1. A method for the manufacture of fodder, and/or
soil improving agents from waste material comprising
harvesting environmentally disturbing aquatic plants
and mixing the pieces thereof with: |

- a) about 20 to about 70 percent by weight of organic

waste material of the food industry, agriculture
industry or both, said organic waste having a dry
substance content of at least 20 percent by weight;
and

b) inoculating agents selected from the group consist-

ing of a pectin cleaving enzyme, a thermophilic

b
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lactic acid bacteria culture having an activity of
about 109 to about 1010 cells per gram of dry sub-
stance, and a mixture thereof; and

c) biological degradation agents selected from the

group consisting of molasses, urea, organic carbox-
ylic acids having ! to 5 carbon atoms and mixtures
thereof; and

d) a starter culture having a high cellulase activity

selected from the group consisting of Trichoderma
viridae, Chaetonium globusum and Actinomycetes
and mixtures thereof; wherein the resulting mixture
is brought to a carbon/nitrogen ratio of about 1/20
to about 1/80 with waste material containing nitro-
gen, nitrogen-containing natural or synthetic fertil-
izer or a mixture thereof, and subsequently aerobi-

‘cally fermenting the mixture for about 2 to about 45
days.

2. The method according to claim 1 wherein, said
fermentation is carried out for about 10 to about 30
days.

3. The method according to claim 1 wherein, said
organic waste material of the food or agriculture indus-
try is selected from the group consisting essentially of
cellulose, hemicellulose, lignine-containing organic
waste materials and mixtures thereof.

4. The method according to claim 3 wherein, said
organic waste material of the food or agriculture indus-
try is selected from the group consisting of rice straw,
cotton seed shells, extracted sugar cane, corn stems and
mixtures thereof.

5. The method according to claim 1 wherem said
aquatic plants are mixed with:

a) 20 to 40 percent by weight of chopped rice straw;

and

b) 5 to 30 percent by weight of straw containing

animal manure; and

c) optionally 0.2 to 20 percent by weight of a starter

culture having a high cellulase activity; and
subsequently aerobically composting with occastonal
mixing for 2 to 45 days.

6. The method according to claim 5 wherein, said
composting is from about 10 to about 30 days.

7. The method according to claim 1, wherein the
aquatic plants harvested are comminuted, pressed or

both prior to mixing.
*x ¥ * ¥ X
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